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introductitn 


Fire  resistant  fuel  for  ground  vehicles  would  reduce  the  threa 
of  fire  to  vehicles  and  personnel.  The  fuel  must  achieve  a 
reduction  in  the  fire  hazard  while  presenting  minimum  adverse 
effects  upon  vehicle  performance.  In  addition,  the  fire  resis 
tant  fuel  must  not  present  impractical  logistic  constraints  in 
terms  of  blending  and  transportation  requirements,  and  storage 
stability. 

Six  generations  of  fire  resistant  fue Is  have  proved  effective 
for  reducing  fuel  flammability  hazards  for  either  aircraft  or 
ground  equipment,  or  both  (reference  (1)).  These  formulations 
investigated  by  the  TJ.S.  Army  included  the  following: 

1.  Fuel  gellation; 

2.  Semisolid  fuel  -  in-water  emulsions; 

3.  Viscous  -  liquid ,  fuel- in-water  emulsions; 

4.  High-molecular-weight  polymer  additives  for  suppres¬ 

sion  of  mist  formations; 

5.  Volatile  halogenated  fire  suppression  fuel  consti¬ 
tuent;  and 

6.  Non-viscous,  water- in- fuel ,  fire-resistant  fuel 
emu Is  ions . 

Although  each  of  these  six  approaches  presented  disadvantages  , 
the  non-viscous,  water  -  in- fuel  emulsion  system  has  shown  the 
desired  f ire- res  is tance  while  appearing  to  be  most  suitable 
and  practical.  Use  in  the  field,  however,  presents  logistic 
problems  centering  on  the  need  for  an  emulsifying  agent  and 
the  need  for  large  quantities  of  relatively  pure  water. 

In  view  of  the  logistic  problems  with  the  water- in- fuel  emul¬ 
sion  fuels,  recent  developments  in  the  state  of  the  art  in 
blending  (reference  (2))  and  the  introduction  of  turbine 
powered  battle  tanks,  the  present  project  was  initiated  to 
reappraise  the  fourtn  approach,  "High-molecular- weight  poly¬ 
meric  additives  for  suppression  of  mist  formation.’'  This 
approach  also  may  be  promising  for  formulation  of  fire-resis¬ 
tant  fuels  for  U.S.  Army  helicopters  and  fixed  wing  aircraft. 

A  major  problem  associated  with  the  high  molecular  weight  poly 
mer  approach  in  the  past  related  to  the  difficulties  in  dissol 
ving  these  polymers  in  fuel.  Existing  dissolving  processes 
were  slow  and  attempts  to  speed  the  process  by  vigorous  mixing 
degrade  the  polymers  so  that  they  are  less  effective  in  mist 
supo  res  s ion . 
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In  L9~S,  General  Technology  Applications,  Inc.,  ma de  the  dis¬ 
covery  that  some  high  molecular  weight  v i s c c e 1  a s  t  i  :  pci ym e r s 
can  be  dissolved  virtually  ins  tan taneous ly  under  cryogenic 
conditions.  The  process,  covered  by  a  U.S.  patent  application 
preference  15})  involves  grinding  the  polymer  at  liquid  nitro¬ 
gen  temperature,  activating  the  polymer  particles  through  mac r 
radical  formation  'references  (A-6)  ,  followed  by  quenching  the 
cold  powder  in  solvent  at  ambient  temperature.  This  blending 
method  offers  virtually  instantaneous  solvation  with  minimal 
degradation  of  mist  suppression  effectiveness. 

Under  Gontract  No.  DTFA03-33-C-000T0  from  the  Federal  Aviation 
Administration,  General  Technology  Applications,  Inc.  success- 
cully  applied  this  cryogenic  method  to  blend  pc ly: sobutylene-U 
fuel  solutions  at  the  rate  of  approximately  -1  gallons  per  minu 
at  5000  ppm.  These  solutions  were  tested  for  mist  suppression 
behavior  by  the  FAA  and  found  to  be  superior  at  like  concent ra 
cions  to  the  currently  investigated  antimisting  fuel. 

As  noted  above,  a  major  objection  to  the  use  of  high-molecular 
weight  mist  suppression  additives  has  been  the  difficulty  of 
cissolution.  As  presently  conceived  the  GTA  process  can  be  us 
to  blend  dry  polymer  with  diesel  fuel  forming  antimisting  fuel 
on  demand  and  as  required  for  vehicles  at  the  pump.  Usin 
process  there  would  be  no  need  to  store  polvmer  solution 
trate  for  blending  with  fuel  nor  would  large  holding  tank 
required  while  the  antimisting  additive  is  being  dissolve 
the  fuel. 

The  capability  to  blend  antimisting  fuel  directly  in  the  fuel 
tanks  or  military  vehicles,  could  give  military  decision- maker 
the  option  to  use  it  only  when  necessary,  with  minimal  disrup¬ 
tion  to  military  operation.  The  fuel  could  be  used  only  under 
battle  and  training  conditions  if  so  desired.  In  addition 
field  control  of  polvmer  concentrat ion  could  provide  flexibili 
in  tailoring  fire  protection  to  vehicle  type  and  specific  batt 
field  conditions  and  requirements , 
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The  primary  objectives  of  this  investigation  are  as  follows: 

1 .  Determine  if  antimisting  polymer  oandiiates  tarn  be 
blended  in  tuel. 

GTA,  Inc.,  was  to  apply  its  cryogenic  solution 
making  process  to  a  series  of  polymer  candidates  obtained 
from  the  project  officer  'reference  (")).  The  polymers  supplied 
to  GTA  included  the  following:  N’atsyn  (Goodyear  F ire  and  Rubber 
Co.},  HPCAR  30"  and  HPCAR  5-^65  [Goodrich  Chemical  Co.;,  109  55 
(Firestone  Tire  and  Rubber  Co.[,  L-130  -Exxon;  and  Cl  - 1 4.  (U.S. 
Armv  (AMMRC  '* . 


:n  addition  to  tne  cc^/mers  ootamec 


;  f  Q  n  0  0” 


officer,  GTA  also  investigated  three  different  molecular  weight 
samples  of  polyisobutylene  trim  BASF  3-100,  3-000,  and  3-230), 
and  proprietary  polymers  from  Gulf,  Shell  and  ARCS. 

0 .  Determine  blending  in  two  diesel  fuels. 

GTA,  Inc.,  was  to  determine  if  the  solvation  or  b lend  - 
orocess  was  influenced  bv  the  choice  of  referee  or  standard¬ 
ly  "025. 

5.  Determine  the  effects  of  nclvmer  molecular  weight, 


n  ana  concent rat  ion  m  ruel  cn 


APPROACH 


It  rtas  been  shown  chat  the  cryogenic  grinding  of  polymers  with 
molecular  weights  in  excess  of  10"*  leads  to  the  production  of 
a  powder  that  shows  the  presence  of  macroradicals  (reference 

id  -  o  }  )  . 


During  cryof racture ,  a  small  number  of  main-chains  are  broken. 
The  evidence  for  this  is  obtained  directly  from  the  observation 
of  the  characteristic  electron  spin  resonance  signatures  of 
several  kinds  of  radical  species  produced  by  mechanical  frac¬ 
ture  of  polymers  at  low  temperature.  These  spectra  have  been 
reported  for  polyethylene,  polypropylene,  poly tetraf luoroethy- 
ler.e,  polybutadiene,  polymethylmethacrylate,  polyisobuty  lene , 
to  Ivs tvrene ,  polyvinylacetate,  polycarbonate,  and  several  poly- 


am  *ce  s 
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Primary  radicals  are  not  as  stable  as  secondary  and  tertiary 
radicals.  The  primary  radicals  produced  by  the  scission  of 
polyethylene  rearrange  to  secondary  radicals  at  "°K.  Some 
polymers  like  poly  isobutylene  produce  very  stable,  tertiary 
radicals  directly  upon  scission  of  the  main-chain.  The  two 
radicals  formed  by  main-chain  scission  of  polyisobutylene  are 
shown  below: 


:)  R  -  CH-  -  c  • 


CH-  -  C  -  R'  (II) 


Stable  at  ~"3:< 


unstable  at 


The  macroradical  designated  (II)  is  stabilized  by  rearrangement 
to  the  following  tertiary  structure  (III). 


CH.  -  CH,  -  C  -  R' 

j  2  , 


(HI) 


The  radicals,  I,  II  and  III  are  also  capable  of  abstracting  H., 
resulting  in  migration  of  radical  activity  to  other  locations 
in  neighboring  macromolecular  chains. 

ESR  investigations  of  ball-milled  polymers  reveal  that  the 
radical  activity  of  the  resultant  powder  depends  on  the  polymer 
type,  the  molecular  weight,  and  the  particle  site.  A  molecular 
weight  of  at  least  10^  is  required  before  main-chain  scission, 
rather  than  the  simple  intermolecular  slippage,  is  observed. 
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Polymers  with  strong  auto* adhesion ,  like  nylon  66,  tend  to  pro¬ 
duce  mere  radicals  per  gram  under  similar  grinding  conditions 
than  polymers  with  weaker  intermo lecular  forces. 

Unless  cryofracture  is  pushed  to  very  small  particle  sizes,  the 
number  of  main-chains  broken  will  be  a  small  fraction  of  the 
total  number  of  molecules  present.  Apparently,  the  small  amount 
of  degradation  accompanying  cryofracture  to  the  range  of  parti¬ 
cle  sites  available  using  GTA's  hammer  mills  does  not  unduely 
affect  the  antimisting  performance  of  the  polymer  candidates 
tested  during  this  project. 

Although  the  production  of  macroradicals  by  mechanical  fracture 
has  been  known  since  1959  (reference  (9)),  the  rapid  solvation 
phenomenon  was  not  reported  prior  to  19"9  (reference  (2)). 

Basic  research  into  the  nature  of  the  rapid  solution  process  is 
currently  being  investigated,  and  the  results  will  be  presented 
in  1932  (reference  (12)).  Several  mechanisms  are  plausible,  but 
the  one  with  the  best  basis  in  past  data  revealed  through  inves¬ 
tigations  of  radical-molecule  interactions  involves  the  reaction 
of  macroradicals  with  some  solvent  molecules  to  enhance  solvation. 

It  is  also  possible  that  the  presence  of  macroradicals  changes 
the  nature  of  the  physical  interaction  between  the  high-energy 
surface. and  neighboring  solvent  molecules.  This  could  affect 
the  balance  between  molecule-molecule-  and  molecule- solvent 
interactions  with  a  concomitant  increase  in  the  rate  of  solution 
by  a  purely  physical  process.  It  is  also  possible,  of  course, 
that  both  physical  and  chemical  interactions  work  together  to 
increase  the  rate  of  polymer  solution. 

The  practical  approach  used  in  the  present  project  was  to 
develop  apparatus  for  cryogrinding  polymer  samples  and  causing 
the  active  particles  to  impinge  directly  onto  the  surface  of 
flowing  fuel.  This  approach  was  used  to  minimite  decay  time 
after  forming  the  macroradicals  and  to  promote  separation  of 
the  polymer  particles  in  nitrogen  gas  prior  to  meeting  the 
fuel  surface.  The  apparatus  and  test  methods  are  described  in 
detail  in  the  next  section. 


IV.  EXPERIMENTAL 


A.  DESCRIPTION  OF  APPARATUS  AND  PROCEDURES 

The  following  section  is  devoted  to  describing  the  apparatus 
and  test  methods  used  to  obtain  the  data  reported  in  the  next 
section. 

1 .  Spex  Hammer-Cutter  Mill  and  Fuel  Blender. 

The  small  apparatus  shown  in  Figure  1  was  designed  for 
use  with  small  polymer  samples.  It  was  imperative  that  a  small 
grinder/blender  be  available  for  preparing  small  samples  of  anti¬ 
misting  fuel  from  some  experimental  proprietary  polymers  available 
only  in  limited  supply. 

The  basis  of  the  small  system  is  a  Spex  Model  3200 
Analytical  Hammer-Cutter  mill  with  a  0 . 3  mm  screen.  The  screen 
was  backed  with  a  polyethylene  adaptor  to  prevent  large  particles 
from  bypassing  the  holes.  This  corrected  a  design  deficiency  in 
the  screen  as  supplied  from  the  vendor. 

The  top  of  the  mill  was  drilled,  tapped  and  fitted 
with  a  1/3"  NPT  male  tubing  adaptor  that  was  connected  to  an 
insulated  *  liquid  nitrogen  reservoir  via  an  insulated  polyethy¬ 
lene  tube  of  1/2"  I.D.  The  reservoir  was  fitted  with  a  tapered, 
solid  polyethylene  rod  for  adjusting  the  flow  of  liquid  nitrogen 
to  the  mill. 

Polyurethane  was  foamed  in  place  to  insulate  the  mill 
and  the  liquid  nitrogen  delivery  line.  The  mill  face  plate  was 
separately  insulated  to  permit  ready  access  to  the  mill  for 
cleaning.  The  hopper  lid  on  the  top  of  the  hinged  face  plate 
was  removed  and  a  carefully  carved  and  fitted  styrofoam  block 
containing  the  polymer  reservoir  was  mounted  on  it.  The  struc¬ 
ture  of  the  polymer  reservoir  is  shown  in  Figure  2. 

The  polymer/solvent  blending  chamber  is  shown  in 
Figure  1.  The  unit  was  constructed  by  welding  a  polyethylene 
funnel  to  the  bottom  of  a  polyethylene  bottle  of  the  same  dia¬ 
meter  A  solvent  inlet  and  a  solution  outlet  were  located 

130°  apart  near  the  bottom  of  the  chamber  so  as  to  maintain  a 
liquid  depth  of  approximately  3/3"  under  continuous  solvent  flow. 
To  relieve  gas  pressure  at  the  output  of  the  mill,  a  downward 
J  angled  nitrogen  gas  vent  was  welded  on  the  cone  as  shown. 

A  13  gallon  polyethylene  carboy  was  modified  to  pro¬ 
duce  a  cons tant -head  Mariotte  bottle  to  supply  solvent  to  the 
blending  chamber  at  a  constant  rate.  The  rate  was  adjustable 
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via  an  inline,  stainless  steel  needle  valve  left  open  to  a  pre- 
established  number  of  turns.  Rapid  starting  and  stopping  of 
fuel  flow  was  accomplished  by  opening  or  closing  an  inline 
teflon  stopcock . 

A  1/3"  diamter  hole  was  drilled  into  one  side  of  the 
end  tubulation  at  the  exhaust  of  the  mill.  The  immersion  probe 
of  a  Caspar  Model  DPT-600  platinum  resistance  thermometer  was 
placed  in  this  hole  to  monitor  temperature  during  mill  cooldown 
and  the  grinding/blending  operation. 

A  typical  run  involves  the  introduction  of  2  grams  of 
polymer  chunks  (1/3"  to  3/16"  cubes)  over  30  seconds.  The 
solution  is  recovered  in  the  collection  flask.  The  solvent  flow 
rate  is  preset  to  one  liter/minute,  resulting  in  the  collection 
of  approximately  300  ml  of  polymer-fuel  solution. 

2.  Bantam  Hammer  Mill  and  Fuel  31ender 


The  apparatus  shown  in  Figure  3  was  designed  for  the 
preparation  of  3  gallon  samples  of  polymer/fuel  blends.  The 
mill  was  insulated  in  three  separable  sections  using  polyurethane 
foam.  A  conical  adaptor  was  also  insulated  with  polyurethane 
foam  and  fitted  on  the  inside  with  a  60  degree,  welded  polyethy¬ 
lene  sleeve  to  provide  a  smooth,  relatively  nonstick  surface. 

The  mill  screen  contained  angled  slots  approximately  1  cm  long 
with  a  width  of  0.027"  (0.636  mm).  Unlike  the  screen  used  in 
smaller  3pex  mill,  the  slotted  screen  offered  very  little  resis¬ 
tance  to  the  passage  of  ground  polymer  powder  thereby  minimicing 
mill  residence  time  and  impact  heating.  The  hammers  in  this 
mill,  compared  to  the  hammers  in  the  Spex  mill,  each  carry  a 
single  linear  knife  edge.  Also,  unlike  the  screen  in  the  Spex 
mill,  the  slotted  screen  is  designed  to  fracture  particles 
rather  than  to  merely  function  as  a  particle  sice  selector. 

The  polymer  chamber  is  adapted  to  fit  into  the  hole  at 
the  top  of  the  mill  face  plate.  This  container  holds  the  poly¬ 
mer  sample  at  the  temperature  of  liquid  nitrogen  at  one  atmos¬ 
phere  pressure  (70°K) . 

The  blending  chamber  was  fashioned  from  a  rectangular 
polyethylene  carboy  fitted  with  3/4"  diameter  tube  fittings 
(welded  in  place).  A  circulating  pump  is  used  to  provide  a 
fresh  solvent  surface  to  the  impinging  powder  stream  during  a 
grinding  and  fuel  blending  run.  Using  the  3  gallon  fuel  sample, 
the  pump  turns  the  fuel  over  only  once  during  a  one  minute 
grinding  and  blending  run.  This  assures  minimal  degradation 
during  the  solution  process.  The  pump  is  of  a  wobble-plate 
rather  than  gear  or  centrifugal  design,  further  minimicing 
possible  degradation  during  blending. 
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FIGURE  3 


BANTAM  HAMMER  MILL  AND  FUEL  BLENDER 


Modified 


-  1"  - 
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Prior  to  assembling  the  apparatus  depicted  in  Figure 
3,  the  pulley  system  was  modified  as  suggested' by  the  manufac¬ 
turer  to  operate  the  hammer  assembly  at  '000  rather  than  14,000 
rpm.  This  minites  the  tendency  of  the  ground  material  to  become 
entrained  in  the  mill. 


Antimisting  Fuel  Effectiveness  Tester 


The  purpose  of  an  antimisting  fuel  effectiveness 
tester  is  to  provide  quantitative  data  for  determining  the 
effect  of  molecular  weight  on  antimisting  and  to  determine 
how  antimisting  depends  on  polymer  type  and  concentration. 
Initial  attempts  to  determine  or  estimate  the  effectiveness  of 
polymer  solutions  by  photographing  and  subsequently  analyting 
the  photographs  proved  to  be  too  subjective  to  be  of  any  value 
to  the  project.  A  simple  quantitative  antimisting  effective¬ 
ness  tester  (Figure  4)  was  devised  to  provide  quantitative 
gravimetric  data  related  to  mist  generation. 


A  Burgess  paint  sprayer  serves  as  the  mist  generator 
in  the  antimisting  tester.  The  sprayer  was  mounted  in  a  hole 
in  one  side  of  a  5-sided  test  chamber  made  out  of  wood  framing 
and  1/4"  particle  board.  A  ringstand  holding  an  inclined 
funnel  (3"  diameter)  was  located  on  a  line  with  the  axis  of 
the  sprayer.  The  lower  edge  of  the  funnel  opening  was  posi¬ 
tioned  9"  from  the  orifice.  The  location  and  orientation  of 
the  inclined  funnel  were  marked  and  retained  throughout  the 
antimisting  test  program. 


The  principle  of  operation  of  the  tester  is  based 
on  the  observation  that  neat  fuel  leaves  the  orifice  of  the 
sprayer  in  a  diverging,  3-dimensional  fan  pattern  of  very  fine 
mist  particles  that  disperse  rapidly  with  increasing  distance 
from  the  point  of  generation.  In  contrast  to  this,  an  anti¬ 
misting  solution  leaves  the  orifice  in  a  much  narrower,  more 
acute  cone  of  coarse  particles  or  strands,  and  in  the  upper 
limit  of  concentration  exits  as  a  coherent  stream  with  little 
divergence  and  no  attendant  mist.  Intermediate  cases  are 
observed  as  varying  degrees  of  interception  of  ejected  solution 
by  the  receiving  cone  collector. 


A  weighed  sample  of  the  solution  to  be  tested  is 
placed  in  a  tared  polyethylene  beaker.  A  tared  polyethylene 
beaker  is  also  placed  as  shown  in  Figure  4  to  capture  the 
solution  impinging  on  the  open  surface  of  the  funnel.  The 
sprayer,  after  a  rinse  with  neat  fuel,  is  operated  for  60 
seconds  and  the  ejected  material  is  collected  in  the  receiving 
beaker.  The  amount  of  mist  that  is  not  recovered  in  the  re¬ 
ceiving  beaker  is  simply  P  minus  R  where  P  is  the  decrease  in 
mass  of  the  solution  at  the  sprayer  and  R  is  the  mass  gain  of 
the  receiving  beaker.  To  correct  for  variations  in  pumping 
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rare  with  solution  viscosity  and  viscoelasticity  the  ratio  (?-R)/P 
is  taken  as  a  measure  of  the  misting  per  gram  of  solution  pumped. 
When  R  is  equal  to  P,  i'P-R}/?  is  :ero,  corresponding  to  tero  grams 
of  mist  per  gram  of  solution  pumped.  When  R  is  tero,  one  gram  of 
mist  is  produced  by  pumping  and  spraying  of  one  gram  of  solution. 
It  was  found  to  be  most  convenient  for  extrapolation  to  plot  the 
negative  of  the  natural  logarithm  of  (?-R)/P  vs  concentration  in 
determining  the  relative  antimisting  effectiveness  of  different 
polymer/fuel  blends  prepared  by  cryogenic  grinding/blending.  The 
test  was  found  to  be  suitable  for  application  to  cold  solutions 
immediately  after  preparation.  It  was  more  useful  for  evaluating 
cold  solutions  than  viscometrv  which  required  heating  to  1003F. 

It  was  also  found  to  be  more  sensitive  to  the  presence  of  small 
amounts  of  antimisting  polymers  than  dilute  solution  viscometrv. 
This  is  evident  in  the  analysis  of  the  data  presented  in  the  next 
section . 

Polymers  selected  on  the  basis  of  data  developed  using 
the  GT  A  antimisting  effectiveness  tester  (in  consultation  with 
the  project  officer)  were  then  used  to  prepare  5  gallon  lots  of 
solutions  in  referee  grade  DF  "225  for  engine  performance  and 
fire  resistance  testing  by  Army  personnel. 

This  simple  antimisting  test  concept  does  not  supplant 
fire  resistance  testing.  It  is,  however,  suitable  for  determining 
the  antimisting  level  of  a  solution  immediately  after  preparation 
by  cryogenic  grinding  and  fuel  blending.  It  is  also  extremely 
useful  for  determining  the  concentration  dependence  of  the  anti¬ 
misting  behavior  of  a  polymer/fuel  system. 

In  the  next  section  it  is  shown  that  most  plots  of 

D  D 

antimisting  vs  concentration  are  linear  in  -  In  (i-Z-u)  vs  concen¬ 
tration  in  weight  percent.  For  the  purpose  of  comparing  the 
effectiveness  of  different  polymers,  linear  regression  analysis 
was  used  to  obtain  the  correlation  coefficient,  slope  and  inter¬ 
cept  of  the  line  for  each  polymer-fuel  system  studied.  The 
effectiveness  of  each  polymer  can  be  expressed  as  the  concen¬ 
tration  required  to  produce  an  antimisting  system  corresponding 
to  the  recovery  of  95%  of  the  material  ejected  from  the  sprayer. 

This  corresponds  to  -  In  (i2JLljL§.)  3  MC  ~  b  where  m  is  the 

ioo  '  !ni5t 

slope,  C _  is  the  concentration  in  weight  percent  corres  * 
mist 

ponding  to  recovery  of  953  of  the  sprayed  material  in  the 
recovery  beaker  and  b  is  the  intercept.  Rearranging  this 
expression  and  taking  the  natural  logarithm  of  0.05  leads  to 
C .  -  (2.996-b)/m.  Thus  the  antimisting  effectiveness  of 

different  polymers  in  diesel  fuel  can  be  expressed  on  the  same 
basis  as  the  concentrat ion  required  to  achieve  953  recovery  of 
the  spraved  material.  The  method  is  suitable  for  determining 
the  effectiveness  of  antimisting  systems  of  both  the  cohesive, 
viscoelastic,  nonrebounding  fibrous  tvpe,  e.g.,  polyisofcuty lene 


and  the  less  fibrous,  large  droplet  type,  e.g.,  the  proprietary 
Shell  polymer.  This  will  be  discussed  in  detail  in  the  next 
sect  ion . 

One  other  useful  function  can  be  constructed  for  each 
polymer  system.  The  percentage  of  sprayed  materials  lost  as 
mist  is  given  by: 

-  (mC  ♦  b) 

M  =  1 OOe 

where  M  =  -s  lost  as  mist  in  weight  -s  ,  m  is  the  slope  and  b  is 

O.D 

the  intercept  of  the  plot  of  -ln(:-— 4)  vs  C,  the  concentration 

in  weight  percent.  This  function  could  be  used  in  a  future 
effort  to  link  this  gravimetric  antimisting  test  procedure  to 
required  fire  resistance  values  for  specific  degrees  of  protec¬ 
tion  required  under  combat  conditions. 

4 .  Determination  of  Concentr at i on  of  Antimisting  Solutions 

Concentrations  of  polymer  solutions  in  diesel  fuel 
were  determined  by  viscometry.  Stock  solutions  of  each  polymer 
were  prepared  by  weighing  both  polymer  and  solvent  to  achieve 
concent ra t ion  in  the  range  of  0.1  to  1.0  weight  percent.  The 
process  of  solution  by  conventional  diffusion  was  monitored 
over  a  period  sufficiently  long  to  assure  complete  solution 
with  minimal  agitation.  Agitation  consisted  of  gently  swirling 
the  content  of  the  flask  for  approximately  15  seconds  a  day  while 
inspecting  using  a  high  intensity  beam  of  light. 

Each  polymer  stock  solution  was  blended  with  neat  fuel 
to  prepare  a  series  of  solutions  of  different  concentr at  ions . 
Kinematic  viscosities  of  each  solution  were  obtained  in  tripli¬ 
cate  at  100  +_  0.2  3 F  using  certified,  calibrated  viscometers. 
Concentrations  in  weight  percent  were  plotted  against  kinematic 
viscosity  in  centi poise  for  each  polymer. 

Calibration  curves  providing  concent vat ion  from  a 
measured  viscosity  were  obtained  for  all  polymers  investigated 
with  the  exception  of  Epcar  SO"  and  Epcar  3465,  U.5.  Army  poly¬ 
mer  Z 17  T  - 14.  and  a  proprietary  ARCO  polvmer,  ARCOFLO ,  of  molecular 
weight  reported  to  be  in  the  range  of  15  to  20  million. 

Since  ARCOFLO,  in  contrast  to  Army  polymer  21  - 1  -4 , 

was  soluble  in  DF  "225  using  the  cryogenic  procedure,  a  precipi¬ 
tation  method  was  used  to  determine  the  concentrat ion .  In  this 
case  the  polymer  was  precipitated  using  acetone,  washed  three 
times  with  acetone,  dried  in  vacuum  at  40°C  for  two  hours  and 
weighed.  The  concentrat ion  of  the  stock  solution  was  estimated 
from  the  polymer  weight  and  the  mass  of  solution.  Concentrat ions 
of  solutions  prepared  by  dilution  of  the  stock  solution  were 
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obta ined  by  multiplying  the  concentration  of  the  stock  solution 
by  the  appropriate  gravimetric  factor,  i.e.,  [mass  of  stock  solu¬ 
tion.'. mass  of  stock  solution  -  mass  of  solvent;]  x  concentration 
of  polymer  in  stock  solution. 

3.  RESULTS  OP  CRYOGENIC  GRINDING  AND  3 LENDING  OF  POLYMER  AND 
frirScL  FUElT - 

1 .  Viscometric  Calibration  Curve 

Curves  of  weight  percent  polymer  in  DF  “215  standard 
fuel  (non  referee  grade  was  used  to  establish  the  practical 
nature  of  the  cryogenic  process  after  initial  tests  revealed 
hat  cryogenic  solvation  proceded  with  equal  facility  with 
ither  standard  or  referee  grade  fuel)  are  shewn  in  Figures  5, 

,  ",  S,  9,  10,  11,  and  12,  respectively,  for  solutions  of  3-122 
3ASF\  L- 130  (Exxon),  3-200  (3ASF1 ,  and  3-250  (3A5F' ,  Firestone 
0955,  Natsyn,  Gulf  AP-11;  and  Shell  SAP-960. 

A  compilation  or  available  information  on  these  and 
ther  polymers  evaluated  in  this  project  is  presented  in  Table 
Calibration  curve  data  are  summariced  in  Table  2  using  the 
xperimental ly  determined  intrinsic  kinematic  viscosities  and 


he  cor respond ing  concentr at  ions  in  weight  percent.  The  intrin- 
ic  viscosity,  [ n ]  is  (n  -  rfo)/no  where  r  is  the  viscosity  of 
he  solution  and  no  is  the  viscosity  of  the  solvent.  Expressing 
oncentration  as  a  function  of  [~]  we  obtain  the  general  functio 

C  =  o  [  "•  j 

here  a  and  b  are  constants  for  each  polymer. 'D?  “  2  2  5  system, 
inear  regression  data  summay i ted  in  Table  2  include  the  number 
f  concentration  and  intrinsic  viscosity  data  pairs,  n,  the 

*  n  a  ta  r  raffracs  i.-in  rn&tfiri&nr  v  f  ha  ;  1  nna  q  and  rhp  *  n  ^  - 


i valent 

linear  i 

function . 

in  C  = 

a  1  n  [  y  ] 

♦  in  b . 

can  be 

used  to 

es  t  imate 

he  range 

of  the 

curves  d 

through  12.  It  was  not  necessary  to  employ  this  type  of 
extrapolation  in  this  project,  however,  since  gravimetric  dilu¬ 
tion  data  were  available  for  all  dilutions  in  the  antimisting 
determinations.  Hence,  if  at  least  one  concen tra t ion  fell  with¬ 
in  the  concentration  range  of  the  calibration  curve  all  other 
concentrations  would  be  obtained  from  the  gravimetric  dilution 
factors. 
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A  summary  of  antimisting  behavior  or  cold  polymer  solu¬ 
tions  in  DF  "225  is  presented  with  comments  in  Table  3.  These 
solutions  were  passed  through  the  sprayer  immediately  after  com¬ 
pleting  the  cryogenic  grinding/fuel  blending  operation  as  described 
previously  in  the  experimental  section  under  the  Spex  Analytical 
Hammer-Cutter  Mill.  These  initial  qualitative  observations  were 
then  followed  by  measurement  of  the  antimisting  ratio  as  a  func¬ 
tion  of  polymer  concentration  as  described  in  the  previous  section 
on  the  antimisting  fuel  ef tec t iveness  tester.  Gravimetric  dilution 
data  and  cor responding  solution  viscosities  were  obtained  during 
antimisting  effectiveness  testing. 

As  mentioned  previously,  the  solution  process  was  inde¬ 
pendent  of  whether  standard  lot  or  referee  grade  DF  "223  was  used. 
Grinding  requirements  were  sensitive  to  the  nature  of  the  polymer, 
and  some  polymers,  for  example  the  very  tacky  ARCCFLC,  were  diffi¬ 
cult  to  keep  cold  enough  for  effective  cryogr inding ,  especially  in 
long  runs  with  high  likelihood  of  impact  heating.  This  deficiency 
in  grinder  design  and  heat  transfer  at  cryogenic  temperatures  is 
less  severe  in  the  Bantam  Mill. 

Antimisting  behavior  was  seen,  as  shown  in  Table  3,  very 
soon  after  completion  of  the  cryogenic  grinding/fuel  blending  in 
the  case  of  all  the  polymers  which  also  formed  solutions  by  the 
lengthy  conventional  method.  The  single  exception  was  ARCCFLO , 
which  was  put  into  solution  rapidly  by  the  cryogenic  process,  but 
would  not  go  into  solution  completely  by  the  conventional  approach. 
Although  subsequent  quantitative  analysis  of  antimisting  behavior 
revealed  that  the  Epcar  polymers  were  placed  in  solution  through 
the  cryogenic  process,  the  level  of  antimisting  relative  to  other 
polymers  tested  was  very  slight.  Further  study  of  the  Epcar  poly¬ 
mers  was  not  pursued. 

Study  of  the  time-course  of  antimisting  behavior  and  of 
the  viscosity  is  confounded  by  the  fact  that  freshly  prepared 
solutions  are  very  cold,  often  in  the  range  of  -10°  to  lb°C  in  a 
successful  run.  In  an  unsuccessful  run  where  the  fuel  flow  rate 
is  too  low  or  the  liquid  nitrogen  flow  rate  is  too  high,  the  fuel 
can  freeze,  Short  of  freezing,  however,  low  temperature  did  not 
destroy  the  antimisting  effectiveness  of  the  solutions  in  Table  2. 
Data  were  not  developed  to  show  antimisting  effectiveness  as  a 
function  of  fuel  temperature. 

3.  Comoarative  Analysis  of  Antimisting  Ef f ect iveness 

A  fire  resistance  test  is  the  preferred  method  to  use 
in  testing  polymer  additives  for  enhancing  the  fire  resistance 
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diesel  fuel.  The  present 
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lution  process  by  rapidly 
g  polymeric  additives. 


project,  however,  serves  as  a  means 
v  of  using  the  crvogenic  grinding.' 
reparing  diesel  fuel  blends  contain- 


Since  a  large  number  of  polymer  candidates  were  inves¬ 
tigated,  it  was  necessary  to  develop  a  quantitative  test  for 
characterizing  the  antimisting  effectiveness  of  solutions  in 
diesel  fuel.  Although  the  test  does  not  measure  fire  resistance, 
it  does  provide  data  on  the  mist  generation,  under  the  same  condi¬ 
tions,  associated  with  each  polymer  solution.  By  plotting  anti¬ 
misting  effectiveness  against  polymer  ccncentra t ions  ,  enough  data 
is  obtained  to  compare  different  polymers  and  to  then  select  the 
most  premising  candidates  for  fire  resistance  and  engine  perfor¬ 
mance  testing. 

The  gravimetri 
and  methodology  has  been 
sect  ion. 

Antimisting  vs 
formats  in  this  section. 

index}  vs  concentrat ion  are  presented  in  Figures  13  through  21. 

The  data  points  on  these  graphs  are  presented  in  Table  4.  The 
linear  regression  data  for  the  lines  in  Figures  13  through  21  are 
displayed  in  Table  3.  Both  Table  3  and  Table  5  can  be  used  to 
facilitate  comparative  analysis  of  the  antimisting  effectiveness 
of  the  different  polymer  candidates. 
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After  discussing  the  data  in  Table  5  with  the  project 
officer,  the  most  promising  candidates  for  the  production  of  3 
gallon  samples  for  fire  resistance  and  engine  performance  testing 
were  determined  to  be  3-250,  ARCOFLO  and  Shell  SAP-960.  Although 
the  Gulf  polymer  showed  an  antimisting  effectiveness  equal  to  that 
of  3-200,  it  is  our  understanding  that  it  is  only  the  first  attempt 
to  develop  a  tailored  fire  resistance  polymer  additive  for  use  in 
■TET  A  for  aviation  turbines.  The  decision  was  made  to  await 
further  development  of  this  polymer  system  in  the  development 
program  of  the  Federal  Aviation  Administration. 

The  data  presented  in  Tables  4,  5  and  6  will  be  discussed 
under  Discussion  of  Results. 


4 .  The  Influence  of  Polymer  Molecular  Weight  on  Antimisting 
o f t e ct  Tv ene 7 s  ' 

In  order  to  investigate  the  role  of  molecular  weight  on 
antimisting  effectiveness  it  was  necessarv  to  use  a  well  charac¬ 
terized  polymer  available  in  a  range  of  molecular  weights.  One 
polymer  from  Exxon,  L - 1 3 0 ,  and  three  from  BASF,  3-  100,  3-  200  and 
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LINEAR  REGRESSION  DATA  FOR  ANT  IM I  STING  , 
-In '2*  ,  VS  CONCENTRATION  IN  WEIGHT 


PERCENT.  SOLVENT 
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*5ee  graph  (Figure  21).  This  polymer  exhibits  a  break  in  the 
linearitv  of  - ln(P~R)  vs  C  in  the  low  concentration  region,  i.e., 
below  “5-130  ppm.  -The  data  in  the  table  pertain  to  the  concen¬ 
tration  range  of  "3-150  to  400-800  ppm.  The  slope  in  the  0  to 
"3-130  ppm  range  is  estimated  to  be  approximately  a  tactor  ot 
two  greater  than  that  shown  in  Table  5.  There  is  great  uncertain t; 
in  the  concentration.  The  polymer,  atter  precipitation  and  wasnn 
was  dried  at  low  temperature  for  only  2  hours  in  a  vacuum  oven. 
Since  the  polymer  was  of  unknown  chemical  nature,  care  was  exer¬ 
cised  to  prevent  "unripping. "  Assuming  301;  of  the  polvner  sample 
weight  was  fuel,  n  is  10.3". 
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plotted  against  the  molecular  weight  of 
function  sho wn  in  Figure  21  is  obtained.  A  good 
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where  MW  is  the  viscosity  average  molecular  weight.  The  : 
this  equation  is  consistant  with  the  idea  that  the  elonga: 
or  Trouton  viscositv  is  involved  in  antimisting  effective: 
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where  r  is  the  relaxation  time  and  1  is  the  rate  or  along: 
per  unit  length  (time  Since  t  increases  with  increa; 
molecular  weight,  the  good  fit  of  the  equation  to  the  cat: 
unexpected.  This  will  be  discussed  again  in  the  next  sec' 
which  is  organized  according  to  the  objectives  of  this  pr ■: 
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C.  DISCUSSION  OF  RESULTS 

1 .  Cryogenic  31ending  of  Polymer  Candidates  in  Fuel 

Although  the  small  mill  and  blending  system  was  i n f e r i 
in  basic  design  to  the  larger  mill  used  to  prepare  5  gallon  $am~ 
pies,  it  was  used  successfully  to  prepare  small  quantities  of 
polymer  solutions  for  investigation. 

Cryogenic  blending  using  the  small  mill  system  was 
successfully  applied  to  all  of  the  polymers  listed  in  Table  1 
except  U . S .  Army  polymer  21  -14.  In  the  other  cases,  anti¬ 

misting  behavior  was  seen  in  the  cold  solutions 
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grinding  and  blending.  Ai: 
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:icns  were 


characterized  for  antimisting  ef f ectiveness . 


The  Bantam  mill  design  is  closer  to  the  optimum  for 
preparing  polymer  solutions  than  the  Spex  design.  The  Spex  mill 
size,  however,  facilitates  the  preparation  of  small  samples  and 
can  be  quickly  cleaned  and  reused  with  a  recycle  time  of  a  half 
hour.  In  its  present  form,  it  is  not  suitable  for  continuous 
operation  and  was  used  in  30  second  grinding/fuel  blending  runs  . 


The  Spex  mill  could  probably  be  imp 
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replacing 


the  standard  hammers  with  hammers  similar  to  those  in  the  Bantam 
mill.  Replacement  of  the  screen  with  0.3  mm  holes  with  a  screen 
containing  long,  angled  0.3  mm  wide  slots,  similar  to  the  design 
in  Bantam  mill,  would  improve  the  performance  of  the  Spex  mill 
and  decrease  the  adverse  effects  of  long  mill  residence  time  and 
zonseauent  impact  heating.  The  fit  of  the  screen  in  the  3 o ex 
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mill  had  enough  free  play  to  perr.it  5 one  polymer  to  bypass  the 
unmodified  screen.  A  polyethylene  backing  insert  was  used  to 
minimi :e  bypass ing . 

The  cryogenic  grinding/fuel  blending  system  incorpor¬ 
ating  the  Bantam  mill,  as  modified  for  this  project,  offered 
superior  performance.  This  system,  however,  can  only  be  used 
with  larger  quantities  of  polymer,  fuel  and  liquid  nitrogen. 
Consequently,  it  was  used  only  after  the  antimisting  data  on 
polymer  solutions  prepared  using  the  small  mill  had  been  analyzed. 

In  summation,  the  small  mill  functioned  well  within 
severe  constraints,  i.e.,  very  short  running  time  and  small  poly¬ 
mer  and  fuel  samples.  This  was  sufficient  for,  and  actually 
expedited,  the  production  of  small  lots  of  antimisting  fuel. 

The  large  mill  had  fewer  constraints,  due  to  different  design 
elements.  These  elements  can  be  introduced  into  the  small  mill 
to  remove  ^^e  exist^r-^  c^s'  cer^cienc^e^. 

-  •  Effect  of  Polymer  Molecular  freight  and  Chemical 

Composition  on  the  Blenamg  Process 

{a)  Molecular  Weight 

Tests  run  with  the  four  molecular  weight  samples 
of  poly  isobutylene  indicate  that  there  is  no  significant  change 
in  blending  requirements  with  increase  in  molecular  weight. 
Blending  of  Oppanoi  3-230  and  Oppanol  3-100  with  molecular 
weights  of  5.6  x  10^  and  1.28  x  1q6  respectively ,  with  diesel 
fuel  required  essentially  the  same  amounts  of  liquid  nitrogen 
for  cooling,  used  the  same  mill  power  and  went  into  solution  in 
approximately  the  same  time. 

On  the  other  hand  it  is  clear  from  the  data  in 
Tables  5  and  6  and  the  curve  in  Figure  22  that  antimisting  effec¬ 
tiveness  increases  with  increasing  molecular  weight.  For  example, 
a  concen tration  of  1100  ppm  of  5.6  x  10°  molecular  weight  poiyisc- 
butylene  (3-230)  in  DF  ~225  provides  the  same  antimisting  effect 
as  a  2200  ppm  concentration  of  3  x  10°  molecular  weight  polyisr- 
butylene  (Vistanex  L-130).  Thus  doubling  the  molecular  weight  in 
this  range  reduces  the  required  concent ra t ion  by  one-half. 

The  result  is  that  the  operational  utility  of  the 
GTA  blending  process  is  significantly  enhanced  by  increasing  mole¬ 
cular  weight  of  the  polymer.  Antimisting  fuels  can  be  blended 
with  signif icant lv  reduced  requirements  for  blending  and  nitrogen 
production  equipment,  and,  of  course,  for  additive. 

(b)  Chemical  Composition 

Generally,  the  project  work  confirms  earlier 
results  (reference  (2))  indicating  that  the  GTA  process  is  effec¬ 
tive  in  blending  only  those  polymers  which  are  compatible  with 


In  the  current  project  the  Epcar  polymers  cc-  or 
ter-polymers  of  ethylene,  propylene  and  a  small  amount  of  unsatur¬ 
ated  material,  and  the  phosphatine  polymer  are  net  compatible  with 
DF  "213.  GTA  was  not  able  to  prepare  stock  solutions  of  these 
polymers  in  DF  "225  using  conventional  blending  processes  nor  was 
the  GTA  process  effective.  The  other  polymers  which  are  compati¬ 
ble  with  DF  "225  were  readily  blended  using  the  GTA  process. 

The  ARCOFLO  polymer  may  be  an  exception  to  the 
above  rule.  Conventional  blending  produced  a  solution  with  a 
significant  mass  of  undissolved  material.  The  solution  produced 
using  the  GTA  process,  however,  contained  some  particulate  matter, 
but  produced  significant  antimisting  results  shortly  after  prepara¬ 
tion.  More  analysis  of  the  proprietary  ARCOFLO  polymer  is  required 
in  order  to  explain  these  results.  In  addition  there  is  an  indica¬ 
tion  that  the  ARGO  polymer  has  a  low  glass  transition  temperature 
which  makes  efficient  heat  transfer  during  grinding  a  more  important 
constraint  on  successful  blending.  This  is  an  engineering  and 
design  problem,  however,  and  is  not  a  constraint  intrinsic  tc 
chemical  structure  or  composition. 

5 .  Antimisting  and  Viscosity  as  Functions  of  Time  After 

Blending 

Polymer -dies el  fuel  solutions  were  tested  in  the  anti¬ 
misting  fuel  effectiveness  tester  immediately  after  preparation. 
These  tests  demonstrated  that  the  solutions  had  antimisting  effec¬ 
tiveness  within  five  to  ten  minutes  after  the  beginning  of  the 
cryogenic  grinding/ fuel  blending  runs  {Table  3).  The  five  to  ten 
minutes  is  the  time  necessary  for  cryogrinding  collection  of  the 
sample  and  set-up  of  the  test.  These  solutions  were  cold,  however, 
and  it  was  not  practical  to  determine  viscosity  using  the  present 
experimental  set-up  consisting  of  calibrated  kinematic  viscometers 
in  a  100°F  water  bath.  Viscosity  determination  involves  bringing 
the  solution  to  thermal  equilibrium  with  bath  water  and  time  to 
determine  and  replicate  viscosities. 

4- .  Antimisting  and  Viscosity  as  Functions  of  Concentration 

p  _  p 

Antimisting  expressed  as  -ln(— was  shewn  in  Table  3 

to  decrease  linearly  with  increasing  polymer  concentration.  This 
was  shown  for  the  four  different  molecular  weight  samples  cf  poly¬ 
isobutylene,  RDP  10955,  Natsyn  AP-11,  SAP-960,  and  ARCOFLO. 

Ant  iai  is  ting  effectiveness,  expressed  as  the  slopes  of 
the  relationships  in  Table  5,  decreased  in  the  following  order: 
8-230,  SAP-960/  AP-11,  3-200,  L-130,  3-100,  RDP  10933,  and  Natsyn. 
These  are  in  the  order  of  increasing  concentra t ion  required  to 
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provide  equal  antinisting  effectiveness.  ARCCFLC  presents  a 
problem  in  fitting  in  this  series  owing  to  the  uncertainty  in 
tiie  concentration. 

At  low  test  concent ra t ions  it  was  particularly  diffi¬ 
cult  to  measure  the  kinematic  viscosity,  although  in  some  cases 
the  antimisting  effectiveness  was  well  above  that  of  neat  fuel. 

At  these  low  concentrat ions  the  polymer  contributed  little  to 
the  viscosity  of  the  solution,  and  the  solvent  contributed 
strongly.  These  data  were  presented  in  Table  4. 

These  low  concent  rat  ion  solutions  exhibited  viscosities 
too  close  to  neat  fuel  to  be  appropriate  for  developing  the 
antimisting  vs  concent  rat  ion  plots  in  Figures  13  through  21. 
Consequently,  visccmetry  provided  a  concentration  at  the  upper 
end  of  the  concentration  range  and  gravimetric  dilution  factors 
were  employed  to  obtain  the  low  concentrat ion  data.  The  extent 
of  agreement  between  concentrat ions  obtained  directly  from  kine¬ 
matic  viscosities  and  those  obtained  from  the  dilution  factors 
is  seen  in  Table  4.  With  the  exceptions  of  N'atsyn  and  AP-li  the 
agreement  is  good  despite  the  lack  of  viscometric  sensitivity  at 
low  concentrations. 

5.  Stabilitv  of  Antimisting  Fuels 

The  antimisting  fuels  that  were  prepared  were  intrinsi¬ 
cally  stable.  No  special  safeguards  were  taken  to  remove  or 
exclude  air  or  water  vapor  from  coming  into  contact  with  the 
solutions.  B-250,  SAP-960  and  ARCOFLO  were  stable  in  solution. 
Concentrated  solutions  were  instantly  miscible  with  either  stan¬ 
dard  or  referee  grade  DF  ^  2  2  5 . 

It  was  observed  that  despite  the  instability  of  the 
fuel,  the  solutions  were  stable.  With  regard  to  the  fuel,  a 
black  substance  precipitated  over  time.  Also  present  in  both 
fuels  were  light- scatter ing  centers.  Nevertheless,  the  anti¬ 
misting  solutions  were  stable  in  the  laboratory. 

As  expected  the  severe  stress  associated  with  ejection 
from  the  antimisting  spray  tester  severely  degraded  a  solution 
of  polyisobutylene  in  DF  722S.  One  pass  through  the  spray  tester 
reduced  the  molecular  weight  from  5  million  to  1  million.  In  the 
future,  this  test  method  could  be  used  to  assess  the  intrinsic 
stabilities  of  candidate  antimisting  polymer  additives. 

6 ,  Minimum  Concentra tions  for  Antimisting 

During  this  investigation  of  antimisting  dependence  on 
polymer  concentra t ion ,  there  was  no  evidence  of  a  minimum  or 
threshold  concent  rat  ion  below  which  antimisting  behavior  dis¬ 
appears.  It  is  probably  more  relevant  to  the  resolution  of 
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antimisting  requirements  in  the  field  to  determine  the  minimum 
concentration  associated  with  the  desired  degree  of  protection. 

ARCQFLO  exhibits  a  special  type  of  threshold  concen¬ 
tration,  that  is  the  reverse  of  the  concept  of  disappearance  of 
antimisting  activity.  In  the  region  below  " 50- 1 500*  ppm  ARCQFLQ 
antimisting  is  a  stronger  function  of  concent  rat  ion  than  in  the 
higher  concentration  regime.  If  antimisting  as  measured  in  this 
project,  and  drag  reduction  ef f ect iveness  are  related,  ARCQFLO 
may  have  special  suitability  as  a  iow-concen tra t ion  drag  reduc¬ 
tion  additive.  This  may  be  of  no  relevance  in  determining  the 
concentrat ion  required  to  provide  the  desired  degree  of  anti¬ 
misting  . 

Parameters  for  Optimising  the  31ending  Process 

During  this  project  there  was  an  opportunity  to  explore 
the  impact  of  design  features  on  mill  performance  and  the  blend¬ 
ing  process.  The  blending  process  can  be  optimized  through  the 
following  parameters : 

(a)  Effective  mill  insulation  and  attention  to  heat 
transfer  problems ; 

(b)  Knife  edge  cutters  rather  than  blunt,  fluted 
hammers ; 

(c)  Slotted  screens  rather  than  perforated  ones; 

(d)  Flowing  fuel  rather  than  sprayed,  stirred  or 
static  fuel;  and 

(e)  Fine  control  of  rate  of  addition  of  polymer  to 
the  mill. 

Parameters  a,  b,  c,  and  e  all  decrease  the  impact  heating  during 
the  grinding  process  or  facilitate  the  removal  or  heat  that  is 
mechanically  generated.  These  parameters  are  especially  critical 
during  continuous  rather  than  pulsed  operation. 

The  fourth  parameter  assures  optimal  contact  of  indivi¬ 
dual  polymer  particles  with  a  domain  of  neat  fuel.  This  minimize 
coincidental  fusion  of  active  particles  prior  to  contacting  neat 
fuel. 


Samples  for  Fire  Resistance  and  Engine  Performance 


Testing 


;ve  gallon  samples  of  3-230,  SAP-960  and  ARCCFLQ  modi' 


tied  diesel  fuels  were  submitted  to  the  project  officer  for 
testing.  The  polymer  concentrations  in  these  samples  were  appro 
mately  0.33.  High  concent  rat  ions  were  supplied  because  lower 
concentrat ions  can  be  prepared  by  dilution  of  these  stocks. 
Referee  grade  DF  "225  was  used  because  a  dog!  of  data  is  availabl 


FIELD  UNIT  applicability 


A.  EE NEPAL 

Contractor  is  required  under  the  current  contract  to  inves¬ 
tigate  the  GTA  blending  process  ,fto  determine  the  aporooriate 
site,  weight,  power  requirements,  etc.  of  a  field  unit.'* 

An  important  parameter  of  any  fire  resistant  fuel  additive 
system  for  Army  field  use  is  that  it  requires  minimal  logistics 
support  and  specialised  equipment.  Uith  the  GTA  blending  p voces : 
the  only  additional  routine  continuous  supply  item  needed  for 
operational  usage  is  the  polvmeric  additive.  Power  is  generated 
on-site  using  available  fuels;  liquid  and  gaseous  nitrogen  are 
produced  on-site  using  the  atmosphere  as  the  source  of  incoming 
raw  material.  Most  equipments  required  are  in  the  Armv  inventor' 
or  are  commercially  available  off-the-shelf  items.  5 vs t em  engi¬ 
neering  to  interface  the  various  parts  would  be  needed.  In  aidi' 
tion,  supporting  structures,  necessary  instrumentation  for  Army 
field  use,  and  a  few  new  design  items  will  be  required.  There 
are,  of  course,  normal  maintenance  and  spare  parts  requirements. 

For  the  purposes  of  this  investigation  the  field  unit  will 
be  capable  of  blending  50,000  gallons  of  antimisting  diesel  fuel 
per  day  with  an  additive  concent  rat  ion  of  2000  ppm.  Scaling 
upwards  can  be  done  linearly  unless  otherwise  noted. 

5.  THE  FIELD  UNIT 


A  primary  consideration  in  design  of  a  field  unit  is  the 
necessity  to  limit  degradation  of  prepared  antimisting  fuel  in 
handling  and  dis tribution .  While  several  variations  of  blending 
systems  utilizing  the  GTA  process  are  possible,  a  simple  ’’central 
supply  method”  using  non  or  low  shear  pumps  for  antimisting  fuel 
movement  is  proposed.  The  following  design  is  based  upon  this 
cone  ep  t . 

The  field  unit  blending  system  referred  to  hereinafter  as 
the  antimisting  fuel  preparation  plant  (AFPP)  consists  of  items 
shown  on  Figure  23  and  tabulated  in  Table  6.  The  AFP?  prepares 
the  solid  additive  by  ervogrinding  and  mixing  the  powdered  output 
with  neat  diesel  fuel  in  the  Mixing  Chamber.  From  there  it  is 
transported  by  a  non  shear  or  low  shear  pump  to  holding  tanks  of 
appropriate  size.  The  refueling  of  combat  vehicles  is  accomplished 
from  that  point. 

Using  the  50,000  gallons  ptv  day  capability  as  a  base  point, 
each  AFPP  must  handle  "50  pounds  of  additive  daily.  It’s  overall 
caoacitv  4  ~  j  ^  ^  ^  u  ~  7  :  -  ;  . . 
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a  pulverizer  which  can  handle  3  000  -  4-00  0  pounds  per  day  at  full 
capacity  in  order  to  provide  a  safety  margin  against  any  fore¬ 
seen  contingencies .  Liquid  nitrogen  requirements  are  conserva¬ 
tively  estimated  at  2  1/2  times  the  amount  of  dry  additive 
treated.  A  liquid  nitrogen  plant  of  1.5  tons  per  day  is  proposed. 


Additive  would  be  supplied  in  round  form  reels  like  cable. 
Each  50"  O.D.  reel  would  hold  about  200  pounds  of  additive.  The 
additive  reel  station  and  feeder  subsystem,  item  S,  Figure  25, 
holds  2  reels  which  would  be  fed  in  automatic  sequence  so  that 
reels  can  be  removed  and  replaced  when  emptied  in  order  to  main¬ 
tain  continuous  operation.  Two  men  can  load  a  reel  into  the 
feeder  and  a  supply  should  last  approximately  12  hours. 
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FIGURE  25 

AFPP  (SCHEMATIC  OF  ADDITIVE  PREPARATION  PLANT) 
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VI .  C0NCLV5  I  :\’S 


A.  The  GTA  antimisting  test  apparatus  and  concept  developed 
under  the  current  project  is  convenient,  rapid  and  reproducible. 

3.  Certain  mist  suppression  polymers  can  be  blended  with 
diesel  fuel  to  form  antimisting  fuels  in  under  ten  minutes  using 
the  cryogenic  blending  process. 

C.  Among  the  polymers  that  were  tested  successfully  are  severs 
which  indicate  superior  mist  suppression  behavior. 

D.  The  cryogenic  blending  process  appears  to  be  adaptable  to 
practical  field  operations. 


a  tjy 
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VI  I  .  RECOMMENDATION'S 


A.  Antimisting  diesel  fuels  should  be  fully  evaluated  as 
fire  resistant  fuels  for  both  conventional  and  turbine  powered 
land  combat  vehicles. 

Criteria  for  a  MbestM  antimisting  additive  for  land 
ombat  vehicle  application  should  be  established. 

C.  Operational  feasibility  of  an  antimisting  fuel  blending 
system  in  a  battlefield  environment  should  be  investigated. 

D.  The  use  of  antimisting  fuels  for  helicopters  and  fixed 
wing  aircraft  should  be  reevaluated  in  light  of  new  polymer 
blending  capabili t  ies . 


I 
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